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Abstract  
  We have studied the terahertz absorption spectra of propionaldehyde and propionic acid to 
investigate weak hydrogen bonds using the terahertz time-domain spectroscopy. Both molecules 
dimerize by intermolecular hydrogen bonding. We found that propionaldehyde has stronger 
absorption between 3 and 50 cm-1 than propionic acid. We calculated the intermolecular vibrational 
modes of both dimers using quantum chemical calculation. Propionaldehyde gives lower frequencies 
of the intermolecular vibrations than propionic acid. We conclude that we succeed in direct 
observation of the intermolecular vibrational absorption due to the weak hydrogen bond. 
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㸯㸬ࡣࡌࡵ࡟
 ࢸࣛ࣊ࣝࢶἼࡣࠊ࿘Ἴᩘ࡛ぢࡿ࡜㟁Ἴ࡜ගࡢ㛫ࠊࡍ࡞ࢃࡕ࣑ࣜἼ࡜㉥እ⥺ࡢ୰㛫㡿ᇦ
࡟఩⨨ࡋࠊ㟁Ἴ࡜ගࡢ୧᪉ࡢᛶ㉁ࢆවࡡഛ࠼࡚࠸ࡿ㟁☢Ἴ࡛࠶ࡿࠋ࿘Ἴᩘᖏ࡛ࡣ 0.1 THz
࠿ࡽ 10 THz ࡢ㟁☢Ἴࢆᣦࡍࡇ࡜ࡀከࡃࠊ1 ࢸࣛ࣊ࣝࢶ㸦= 1 THz㸧ࡣ 1012 Hz ࡛࠶ࡾࠊ1 THz
ࡢ㟁☢Ἴࡢ࿘ᮇࡣ 1 ps ( = (1 THz)í1)࡛ࠊἼ㛗ࡣ 0.3 mm㸦┿✵୰㸧࡛࠶ࡿࠋ ࢸࣛ࣊ࣝࢶ
Ἴࡣࠊගࡢࡼ࠺࡟ࣞࣥࢬࡸ࣑࣮ࣛࢆ⏝࠸࡚✵㛫ࢆ⮬⏤࡟ྲྀࡾᅇࡍࡇ࡜ࡀᐜ࡛᫆࠶ࡿ࡜࡜
ࡶ࡟ࠊ㟁Ἴࡢࡼ࠺࡟⣬ࠊࣉࣛࢫࢳࢵࢡࠊࣅࢽ࣮ࣝࠊ༙ᑟయ࡞࡝ࡢ㠀㔠ᒓࡸ↓ᴟᛶ≀㉁ࢆ
ẚ㍑ⓗࡼࡃ㏱㐣ࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋࡑࡢࡓࡵࠊ㠀◚ቯࠊ㠀᥋ゐ࡛⾜࠺㏱㐣ᆺࢸࣛ࣊ࣝࢶ
Ἴ࢖࣓࣮ࢪࣥࢢࡢ⏘ᴗᛂ⏝ࡀᮇᚅࡉࢀ࡚࠸ࡿ[1]ࠋ
 ୍᪉ࠊศගⓗほⅬ࠿ࡽぢࡿ࡜ࠊࢸࣛ࣊ࣝࢶἼࡢ᣺ືᩘ㡿ᇦࡀ㛵ಀࡍࡿ≀ᛶࡣࠊ௚ࡢ࿘
Ἴᩘ㡿ᇦࡢ㟁☢Ἴࡸගࡀ㛵ಀࡍࡿ≀ᛶ࡜␗࡞ࡿࠋ౛࠼ࡤࠊจ⦰┦࡟࠾ࡅࡿศᏊࡢ㞟ᅋⓗ
࡞ప᣺ືᩘ࣮ࣔࢻࡸᅛయ࡟࠾ࡅࡿࣇ࢛ࣀ࣮ࣥࣔࢻࡀࢸࣛ࣊ࣝࢶ㡿ᇦ࡟࠶ࡽࢃࢀࡿࡓࡵࠊ
ศᏊ㛫┦஫స⏝࡜ศᏊ㛫❧యᵓ㐀ࠊࡑࡋ࡚ࡑࡢࢲ࢖ࢼ࣑ࢡࢫࡀࢸࣛ࣊ࣝࢶ㡿ᇦ࡜ᐦ᥋࡟
㛵ಀࡋ࡚࠸ࡿࠋᮏ◊✲࡛ࡣࠊᚑ᮶ࡢỈ⣲⤖ྜ O㸫H㺃㺃㺃O ࡜␗࡞ࡿỈ⣲⤖ྜࠊࡘࡲࡾࠊ
ᙅ࠸Ỉ⣲⤖ྜ C㸫H㺃㺃㺃O ࡢศᏊ㛫᣺ື࣮ࣔࢻࢆࠊࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦศගἲ࡛┤᥋ほ 
ࡋࠊᙅ࠸Ỉ⣲⤖ྜࡢᏑᅾࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡟◊✲ࢆ⾜ࡗࡓࠋ
㸰㸬ᐇ㦂
㸰㸫㸯 ࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦศග⿦⨨
ࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦศග⿦⨨㸦THz-TDS㸧ࡢᴫ␎ᅗࢆᅗ 1 ࡟♧ࡍࠋࣇ࢙࣒ࢺ⛊ࣃࣝࢫ
ග㸦Ἴ㛗 780 nm㸧ࢆࣅ࣮࣒ࢫࣉࣜࢵࢱ࣮࡟ࡼࡗ࡚ࠊࡩࡓࡘࡢࣇ࢙࣒ࢺ⛊ࣃࣝࢫග࡟ศ
ࡅࡿࠋࣇ࢙࣒ࢺ⛊ࣃࣝࢫගࡢࡦ࡜ࡘࢆࠊ࢚࣑ࢵࢱ࣮⏝ࡢගఏᑟ࢔ࣥࢸࢼ⣲Ꮚ࡟↷ᑕࡋࠊ
ࢸࣛ࣊ࣝࢶἼࢆⓎ⏕ࡉࡏࡿࠋⓎ⏕ࡋࡓࢸࣛ࣊ࣝࢶἼࡣ」ᩘࡢᨺ≀㠃㙾࡟ࡼࡗ࡚ࠊࢹ࢕ࢸ
ࢡࢱ࣮⏝ࡢගఏᑟ࢔ࣥࢸࢼ࡟㞟ගࡍࡿࠋࡶ࠺୍᪉ࡢࣇ࢙࣒ࢺ⛊ࣃࣝࢫගࡣࠊ㐜ᘏࢫࢸ࣮
ࢪ࡟ࡼࡗ࡚᫬㛫㐜ᘏࡉࡏࠊࢹ࢕ࢸࢡࢱ࣮⏝ࡢගఏᑟ࢔ࣥࢸࢼ⣲Ꮚ࡟↷ᑕࡍࡿࠋ㐜ᘏࢫࢸ
࣮ࢪࡢྛ఩⨨࡟࠾ࡅࡿಙྕࢆ」ᩘᅇ✚⟬ࡋ࡞ࡀࡽࢫࢸ࣮ࢪࢆࢫ࢟ࣕࣥࡍࡿࡇ࡜࡟ࡼࡗ
࡚ࠊࢸࣛ࣊ࣝࢶἼࡢ᫬⣔ิಙྕࢆᚓࡿࠋࡇࡢ᫬⣔ิಙྕࡢࣇ࣮࢚ࣜኚ᥮࡟ࡼࡾᚓࡽࢀࡓ
㟁ሙ᣺ᖜ࠾ࡼࡧ఩┦࠿ࡽࠊࢸࣛ࣊ࣝࢶἼ㡿ᇦࡢ」⣲ᒅᢡ⋡ࡸ」⣲ㄏ㟁⋡ࢆᚓࡿ[2]ࠋ
㸰㸫㸰 ヨᩱࠊ ᐃ᮲௳
ศᏊ㛫Ỉ⣲⤖ྜ࡟ࡼࡗ࡚ከ㔞యࢆᙧᡂࡍࡿヨᩱ࡜ࡋ࡚ࠊࣉࣟࣆ࢜ࣥ㓟࠾ࡼࡧࣉࣟࣆ࢜
ࣥ࢔ࣝࢹࣄࢻࡢ⣧ᾮయࢆࠊᖖ ࣭ ᖖᅽࡢࡶ࡜࡛ ᐃࡋࡓࠋࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦ ᐃ࡛ࡣࠊ
2 ᯛࡢ㧗᢬ᢠࢩࣜࢥࣥᯈ㸦ཌࡉ㸸3 mm㸧ࡢ㛫࡟ⷧᆺࢫ࣮࣌ࢧ㸦ཌࡉ㸸0.2 mm㸧ࢆࡣࡉࢇ
ࡔᾮయࢭࣝ㸦ᅗ 2㸧࡟ࠊᾮయヨᩱࢆධࢀ࡚⾜ࡗࡓࠋヨᩱ࡜❆ࢆ㏱㐣ࡋࡓࢸࣛ࣊ࣝࢶἼ
㸦Sample THz Ἴ㸧ࠊ❆ࡢࡳࢆ㏱㐣ࡋࡓࢸࣛ࣊ࣝࢶἼ㸦Reference THz Ἴ㸧ࡢࡑࢀࡒࢀࡣࠊ
10 ᅇ ᐃࡋ࡚✚⟬ࡋࡓࡶࡢࢆ 1 ࡘࡢ᫬㛫Ἴᙧࢹ࣮ࢱ࡜ࡋࡓࠋSample THz Ἴ࡜ Reference
THz Ἴࡢ ᐃࡋࡓ᫬้ࡢᕪࡀᑠࡉࡃ࡞ࡿࡼ࠺࡟ࠊSample THz Ἴ࡜ Reference THz Ἴࢆ㐃
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⥆ࡋ࡚ ᐃࡋࡓ 1 ࢭࢵࢺࡢ ᐃࢆ 10 ᅇ⾜ࡗࡓࠋSample THz Ἴ࡜ Reference THz Ἴࡢࡑ
ࢀࡒࢀࢆࡍ࡭࡚㊊ࡋྜࢃࡏࡓ᫬㛫Ἴᙧࢹ࣮ࢱࢆ౑ࡗ࡚ࠊࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦゎᯒࢆ⾜࠸ࠊ
ࢸࣛ࣊ࣝࢶࢫ࣌ࢡࢺࣝࢆᚓࡓࠋࡉࡽ࡟ࠊ୍㐃ࡢ ᐃࢆ」ᩘᅇ⾜࠸ࠊࢸࣛ࣊ࣝࢶࢫ࣌ࢡࢺ
ࣝࡢ෌⌧ᛶࡢ☜ㄆࡋࡓࡢࡕࠊࢫ࣌ࢡࢺࣝࢆᖹᆒ໬ࡋࡓࠋ
ᅗ  ࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦศග⿦⨨ࡢᴫ␎ᅗ

ᅗ  ᾮయࢭࣝ

㸱㸬⤖ᯝ
 ࣉࣟࣆ࢜ࣥ㓟ࡢ Sample THz Ἴ࡜ Reference THz Ἴࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࢆࠊᅗ 3(a)࡟♧
ࡍࠋヨᩱࢆ㏱㐣ࡋࡓࢸࣛ࣊ࣝࢶἼࡣ 90 cm㸫1ࡲ࡛ᖏᇦࢆᣢࡕࠊࢸࣛ࣊ࣝࢶ྾཰ࢫ࣌ࢡࢺ
ࣝࡣ 5 ~ 80 cm㸫1࡛෌⌧ᛶࡀᚓࡽࢀࡓ㸦ᅗ 3(b)㸧ࠋࣉࣟࣆ࢜ࣥ㓟ࡢ྾ගಀᩘࢫ࣌ࢡࢺࣝࡣࠊ
Ἴᩘࡀቑຍࡍࡿ࡟ᚑࡗ࡚ࠊ⦆ࡸ࠿࡟ቑຍࡍࡿࠋ
ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡢ Sample THz Ἴ࡜ Reference THz Ἴࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࢆࠊᅗ
4(a)࡟♧ࡍࠋヨᩱࢆ㏱㐣ࡋࡓࢸࣛ࣊ࣝࢶἼࡣ 70 cm㸫1ࡲ࡛ᖏᇦࢆᣢࡕࠊࢸࣛ࣊ࣝࢶ྾཰
ࢫ࣌ࢡࢺࣝࡣ 5 ~ 60 cm㸫1࡛෌⌧ࡀᚓࡽࢀࡓ㸦ᅗ 4(b)㸧ࠋࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡢ྾ගಀ
१থউঝ

 
$

অش঒५উজॵॱش
ইख़঒ॺଧঞش२ش
ৎ৑೚భ
ॹॕॸॡॱشग़঑ॵॱش
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ᩘࢫ࣌ࢡࢺࣝࡣࠊἼᩘࡢቑຍ࡟࡜ࡶ࡞ࡗ࡚ᛴ⃭࡟ୖ᪼ࡍࡿࡀࠊ50 cm㸫1௜㏆࡛ቑຍࡀ⦆
ࡸ࠿࡟࡞ࡿࠋࡲࡓࠊࢸࣛ࣊ࣝࢶ㡿ᇦࡢࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡢ྾ගಀᩘࡣࠊࣉࣟࣆ࢜ࣥ
㓟ࡢ྾ගಀᩘࡢ 2 ಸ௨ୖ࡛࠶ࡾࠊࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡣࠊࣉࣟࣆ࢜ࣥ㓟࡜ẚ㍑ࡋ࡚ 5
~ 60 cm㸫1࡟㠀ᖖ࡟ᙉ࠸྾཰ࢆᣢࡘࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ
    

ᅗ  ࣉࣟࣆ࢜ࣥ㓟ࡢࢸࣛ࣊ࣝࢶࢫ࣌ࢡࢺࣝ㸸Dࣃ࣮࣡ࢫ࣌ࢡࢺࣝ࡜E྾ගಀᩘࢫ࣌ࢡࢺࣝࠋ
           

    
 
ᅗ  ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡢࢸࣛ࣊ࣝࢶࢫ࣌ࢡࢺࣝ㸸Dࣃ࣮࣡ࢫ࣌ࢡࢺࣝ࡜E྾ගಀᩘࢫ࣌
ࢡࢺࣝࠋEࡢᩳ⥺㒊ศࡣࣀ࢖ࢬࣞ࣋ࣝࡢ㡿ᇦ࡛ࠊࢫ࣌ࢡࢺࣝࡀ ᐃ࡛ࡁ࡚࠸࡞࠸㡿ᇦࠋ

㸲㸬⪃ᐹ
ࣉࣟࣆ࢜ࣥ㓟࡜ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡢࢸࣛ࣊ࣝࢶ྾ගಀᩘࢫ࣌ࢡࢺࣝ㸦ᅗ 4(b)ཬࡧ
ᅗ 5(b)㸧ࡢ㉳※ࢆศᏊㄽⓗ࡟⪃ᐹࡍࡿࡓࡵ࡟ࠊࡑࢀࡒࢀࡢ 2 㔞యࡢ㔞Ꮚ໬Ꮫィ⟬ࢆ⾜ࡗ
ࡓࠋ㔞Ꮚ໬Ꮫィ⟬ࡣ Gaussian 09 ࢆ౑⏝ࡋࠊB3LYP ࢆ⏝࠸ࡓᐦᗘỗ㛵ᩘἲ࡛⾜ࡗࡓ[3]ࠋ
(b)(a)
(b)(a)
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(b) 
(a) 
ᇶᗏ㛵ᩘ࡟ 6-311++G(2d,p)ࢆ⏝࠸ࡓࠋᅗ 5 ࡟ࠊࣉࣟࣆ࢜ࣥ㓟࡜ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡢ
2 㔞యࢆ♧ࡍ㸦Ⅼ⥺㒊ศࡣศᏊ㛫Ỉ⣲⤖ྜ㸧ࠋࡲࡓࠊᅗ 6 ࡟ࠊࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ࠾
ࡼࡧࣉࣟࣆ࢜ࣥ㓟ࡢศᏊ㛫Ỉ⣲⤖ྜ࡟㉳ᅉࡍࡿࠊ2 㔞యࡢ 6 ಶࡢᇶ‽᣺ື࣮ࣔࢻ㸦ᅗ 6㸧
ࢆ♧ࡍࠋࡇࢀࡽࡢᇶ‽᣺ື࣮ࣔࢻࡣࠊࣉࣟࣆ࢜ࣥ㓟 2 㔞య࡜ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞
య࡛㢮ఝࡋ࡚࠾ࡾࠊࡑࢀࡒࢀ㢮ఝࡋࡓᇶ‽᣺ື࣮ࣔࢻࢆྠࡌグྕ࡛⾲ࢃࡋ࡚࠸ࡿ [4]ࠋ
ࡑࢀࡒࢀࡢ 2 㔞యࡢࠊ㔞Ꮚ໬Ꮫィ⟬࡛ぢࡘ࠿ࡗࡓ 2 ࡘࡢᏳᐃ໬ᵓ㐀㸦ᅗ 7㸧࡟ᑐࡋ࡚ࠊ
ᇶ‽᣺ືゎᯒࢆࡋࡓ⤖ᯝࢆ⾲ 1 ࡟♧ࡍࠋ

          




ᅗ  2 㔞యࡢศᏊᵓ㐀 (R = CH3CH2CH2)㸸(a)ࣉࣟࣆ࢜ࣥ㓟 ࡜(b) ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࠋⅬ⥺
ࡣࠊศᏊ㛫Ỉ⣲⤖ྜࢆ࠶ࡽࢃࡍࠋ
             
ᅗ  2 㔞యࡢ᣺ື࣮ࣔࢻ㸸(a)ࣉࣟࣆ࢜ࣥ㓟࡜(b)ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࠋQ1㸸ᑐ⛠ఙ⦰, Q2㸸㠃
ෆࡡࡌࢀ, Q3㸸㏫ᑐ⛠ఙ⦰, Q4㸸ᑐ⛠㠃እኚᙧ, Q5㸸㠃እࡡࡌࢀ, Q6㸸཯ᑐ⛠㠃እኚᙧࠋ
 ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞యࡢศᏊ㛫᣺ື࣮ࣔࢻࡢ᣺ືᩘࡣ 15 ~ 55 cm㸫1࡟ศᕸࡋ࡚
࠸ࡿ㸦⾲ 1㸧ࠋ୍᪉ࠊࣉࣟࣆ࢜ࣥ㓟 2 㔞యࡢศᏊ㛫᣺ື࣮ࣔࢻࡢ᣺ືᩘࡣ 40 ~ 155 cm㸫1
࡟ศᕸࡋ࡚࠸ࡿࠋࡲࡓࠊࡑࢀࡒࢀࡢ 2 㔞యࡢ㢮ఝࡋࡓศᏊ㛫᣺ື࣮ࣔࢻ࡟ᑐࡋ࡚ࠊࣉ
ࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞యࡢࡍ࡭࡚ࡢ㉥እάᛶ࡞᣺ື࣮ࣔࢻࡢ࿘Ἴᩘࡣࠊࣉࣟࣆ࢜ࣥ
㓟 2 㔞యࡼࡾࡶప࠸ࠋࡇࢀࡽࡢ⤖ᯝࡣࠊࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡀ 5 ~ 60 cm㸫1࡛㠀ᖖ࡟
ᙉ࠸྾཰ࢆ♧ࡍࡇ࡜ࠊ࠾ࡼࡧࠊࡇࡢ࿘Ἴᩘ㡿ᇦ࡛ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡢ྾཰ࡀࣉࣟ
ࣆ࢜ࣥ㓟ࡢ྾཰ࡼࡾࡶ኱ࡁ࠸ࡇ࡜࡜▩┪ࡋ࡞࠸ࠋ
 

(b)
(a)
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            

ᅗ  2 㔞యࡢᏳᐃ໬ᵓ㐀ࠋ(a-1), (a-2)㸸ࣉࣟࣆ࢜ࣥ㓟ࡢ 2 㔞యࠋ(b-1), (b-2)㸸ࣉࣟࣆ࢜ࣥ࢔ࣝࢹ
ࣄࢻࡢ 2 㔞యࠋ

⾲  㔞Ꮚ໬Ꮫィ⟬࡟ࡼࡿ 2 㔞యࡢศᏊ㛫ᇶ‽᣺ື࣮ࣔࢻࡢᅛ᭷᣺ືᩘ
ࣉࣟࣆ࢜ࣥ㓟 2 㔞య (a-1) ࣉࣟࣆ࢜ࣥ㓟 2 㔞య (a-2) 
mode IIR / km mol-1
Calc. freq. 
 / cm-1
IIR 
/ km mol-1
Calc. freq. 
 / cm-1
Q1 0 157.6 0.2 140.5
Q2 0 128.5 0.05 166.5
Q3 8.9 111.8 19 151.6
Q4 4.2 46.6 1.4  44.1
Q5 0.002 75.3 0.5  72.4
Q6 0 101.2 1.0  90.3
ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞య (b-1) ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ 2 㔞య (b-2) 
mode IIR / km mol-1
Calc. freq. 
 / cm-1
IIR 
/ km mol-1
Calc. freq. 
 / cm-1
Q1 0 63.7 0.3 70.7
Q2 0 54.0 0.07 55.5
Q3 10.8 41.9 13.8 54.7
Q4 0.07 2.6 2.5 17.2
Q5 13.0 33.5 1.9 35.2
Q6 0 24.0 2.4 28.7
 ࡲࡓࠊࡇࢀࡲ࡛࡟ࣇ࣮࢚ࣜኚ᥮ᆺ㐲㉥እศග⿦⨨ࢆ⏝࠸ࡓ㐲㉥እ྾཰ ᐃ࡟ࡼࡗ࡚ࠊ
ᖖ ࣭ᖖᅽ࡟࠾ࡅࡿࣉࣟࣆ࢜ࣥ㓟ࡢ྾཰ࣆ࣮ࢡࡀ 157 cm㸫1࡟ほ ࡉࢀ࡚࠸ࡿ[4]ࠋࡇࡢ
྾཰ࣂࣥࢻࡣࠊࣉࣟࣆ࢜ࣥ㓟 2 㔞యࡢQ3㸦㏫ᑐ⛠ఙ⦰㸧࡟ᑐᛂࡋࠊศᏊ㛫᣺ື࣮ࣔࢻࡢ
୰୍࡛␒኱ࡁ࡞㉥እᙉᗘࢆᣢࡘ㸦⾲ 1(a)㸧ࠋࡲࡓࠊQ3 ௨እࡢᇶ‽᣺ື࣮ࣔࢻࡢࡍ࡭࡚ࡢ
㉥እᙉᗘࡣࠊQ3ࡢ㉥እᙉᗘࡢ 1/2 ௨ୗ㸦⾲ 1(a)ᕥࡢᵓ㐀㸧ࠊ1/10 ௨ୗ㸦⾲ 1(a)ྑࡢᵓ㐀㸧
(a-1) (a-2) (b-1) (b-2)
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࡛࠶ࡿࠋࡘࡲࡾࠊࣉࣟࣆ࢜ࣥ㓟ࡢࢸࣛ࣊ࣝࢶ྾཰ࢫ࣌ࢡࢺࣝ㸦ᅗ 3(a)㸧࡛ࡣࠊQ3࡟ࡼࡿ
157 cm㸫1 ࡢࣂࣥࢻࡢࡍࡑ㔝ࡢ྾཰ࠊ࠾ࡼࡧࠊQ3 ௨እࡢẚ㍑ⓗᙅ࠸࣮ࣔࢻࡢࡼࡿ྾཰ࡀ
ほ ࡉࢀ࡚࠸ࡿࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ
ࡇࢀࡽࡢ⤖ᯝ࠿ࡽࠊᅗ 4Eࡢࢸࣛ࣊ࣝࢶ྾཰ࢫ࣌ࢡࢺࣝࡣࠊᙅ࠸Ỉ⣲⤖ྜ࡟㉳ᅉࡍ
ࡿศᏊ㛫᣺ືࢆほ ࡋࡓࡶࡢ࡛࠶ࡿ࡜⤖ㄽࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋ
㸳㸬ࡲ࡜ࡵ
ᮏ◊✲࡛ࡣࠊᙅ࠸Ỉ⣲⤖ྜࡢᏑᅾࢆ᫂ࡽ࠿࡟ࡍࡿࡓࡵ࡟ࠊࣉࣟࣆ࢜ࣥ㓟࡜ࣉࣟࣆ࢜ࣥ
࢔ࣝࢹࣄࢻࢆࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦศගἲ࡟ࡼࡗ࡚ㄪ࡭ࡓࠋ
ࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻ࡛ࡣࠊ50cm㸫1ࡼࡾࡶప࿘Ἴ㡿ᇦ࡛ C㸫H㺃㺃㺃O ࡢᙅ࠸Ỉ⣲⤖ྜ
࡟㉳ᅉࡍࡿ྾཰ࡀほ ࡉࢀࡓࠋ୍᪉ࠊ50 cm㸫1ࡼࡾࡶప࿘Ἴ㡿ᇦ࡛ࡣࠊࣉࣟࣆ࢜ࣥ㓟ࡢ
྾཰ࡣࣉࣟࣆ࢜ࣥ࢔ࣝࢹࣄࢻࡼࡾࡶᑠࡉ࠿ࡗࡓࠋ2 㔞య࡟ᑐࡍࡿ㔞Ꮚ໬Ꮫィ⟬ࡢᇶ‽᣺
ືゎᯒ⤖ᯝࡣࠊࡑࢀࡒࢀࡢ⣧ᾮయࡢࢸࣛ࣊ࣝࢶ྾཰ࢫ࣌ࢡࢺࣝࢆᐃᛶⓗ࡟ㄝ᫂ࡍࡿࡇ࡜
ࡀ࡛ࡁࡓࠋᙅ࠸Ỉ⣲⤖ྜ࡟㉳ᅉࡍࡿศᏊ㛫᣺ືࢆࠊࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦศගἲ࡟ࡼࡗ࡚
┤᥋ほ ࡍࡿࡇ࡜ࡀ࡛ࡁࡓࠋ


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